Triclosan is a widely used antimicrobial agent and may pose health risks to many aquatic organisms.
INTRODUCTION
Triclosan (5-chloro-2-(2,4-dichlorophenoxy) phenol, TCS) is an antimicrobial agent that has been widely used in personal care products, such as soap, toothpaste, shampoo, disinfectant, and skin cream. Triclosan from the daily use of these personal care products often ends up in municipal wastewater treatment plants. However, removal efficiencies of triclosan in conventional wastewater treatment plants were only in the range of 57-99% (Bedoux et al. ) , and remaining triclosan eventually transfers to surface waters. Because of its widespread usage, triclosan is one of the most commonly detected contaminants in surface waters, with a concentration as high as 2.3 μg/L (Dhillon et al. ) . The frequent detection of triclosan has generated great public health concerns because of its potential toxicity to wildlife and human beings. Previous studies have shown acute toxicity, genotoxic effects and even estrogen effects of triclosan to many organisms including crustaceans, zebra mussels, zebrafish, microalgae, insects and rats (Bedoux et al. ; Hwang et al. ; Dhillon et al. ) .
Photolysis is one of the most important transformation pathways of triclosan in surface waters. Direct photolysis has been identified as a predominant photochemical process of triclosan in surface waters, and dioxin products are formed via an intramolecular photochemical substitution reaction (Wong-Wah-Chung et al. ). Nevertheless, recent studies showed that indirect photolysis of triclosan sensitized by dissolved organic matter in natural waters under sunlight irradiation was also important for photolysis of triclosan and humic acid at low concentrations enhanced photodegradation of triclosan and yielded less dioxin products (Chen et al. a However, no studies have been reported on the effects of these inorganic anions on the photodegradation of triclosan. Therefore, there is a critical need to evaluate the effects of inorganic anions on photolysis of triclosan. The objective of this study was to evaluate the effects of NO 3 À , Cl À and HCO 3 À on the photolysis of triclosan in aqueous solutions sunder ultraviolet (UV) irradiation. As the inorganic anions often coexist in natural waters, their combined effects on the photolysis of organic compounds were also investigated in this study.
MATERIALS AND METHODS
Triclosan (powder, !97%) was purchased from SigmaAldrich (St Louis, MO, USA). Methanol, acetonitrile and 2-propanol were in high performance liquid chromatography grade. Sodium nitrate (NaNO 3 ), sodium chloride (NaCl) and sodium bicarbonate (NaHCO 3 ) were analytical-grade reagents purchased from Bailingwei Company (Shanghai, China). Ultrapure water (electrical resistivity >18.2 MΩcm) was collected from a Millipore purification system (Millipore S.A.S, Molsheim, France). Other chemicals and solvents were at least in analytical-reagent grade. The stock solution of triclosan with a concentration of 1,000 mg/L was prepared in acetonitrile. Triclosan (1 mg/L), inorganic anions and ultrapure water were added into 30 mL quartz glass tubes with screw caps. As various concentrations were used in the literature, a relatively low concentration which represented the level in natural waters and a relative high concentration which represented the level in wastewater were selected for each anions (10 and 50 mg/L for NO 3 À , 10 and 50 mg/L for All statistical analyses were conducted with Statistical Package for the Social Sciences (SPSS) 16.0. One-way analysis of variance (ANOVA) was applied to detect significant differences and the statistical significance was accepted at p < 0.05.
RESULTS AND DISCUSSION
No obvious degradation of triclosan was observed for each dark control, suggesting that volatilization, direct hydrolysis or biodegradation of triclosan was negligible without UV irradiation throughout the experiment. The influence of nitrate on the photodegrdation of triclosan is shown in Figure 1 , where C 0 was the initial concentration of triclosan and C t was concentration at time t (C t ). The photolysis kinetics of triclosan in solutions with and without the addition of NaNO 3 all fitted well with the pseudo-first-order rate expression (r 2 values ranged from 0.98 to 0.99). The rate constants (k obs ) and half-lives (t 1/2 ) are shown in Table 1 . Nitrate is ubiquitously present in natural water, with the concentration ranging from 10
. Previous studies showed seemed to be stronger than its promotion effects. No significant inhibition or promotion to the photodegradation of triclosan by chloride ions was observed in this study, as shown in Figure 2 and Table 1. The photolysis kinetics of triclosan in solutions added with chloride ions also fitted well with pseudo-first-order rate reactions and r 2 ranged from 0.996 to 0.998. The results suggested that chloride ions showed no effect on the photolysis of triclosan in this study. (Dugandžić et al. ) . In this study, both inhibition and promotion effects of chloride ions could coexist and be canceled out as the two effects were similar. The addition of NaHCO 3 significantly promoted the photodegradation of triclosan, as shown in Figure 3 and Table 1 . The photolysis kinetics of triclosan in solutions added with NaHCO 3 fitted well with pseudo-first-order rate reactions and r 2 ranged from 0.995 to 0.996. The inhibition of bicarbonate ion was often observed during the indirect photolysis of organic compounds involving • OH and the inhibition effect was due to the scavenging of • OH by bicarbonate (Wang et al. ) . The direct photolysis of triclosan under UV irradiation in this study did not involve alone, which was possibly explained by the antagonistic effects of these NO 3 À and HCO 3 À on the photolysis of triclosan. When all inorganic anions coexisted, the photolysis rate of triclosan was slower than that in the solution without any addition of inorganic anions, suggesting that the combined effects of the three inorganic anions was inhibition to the photolysis of triclosan. Photolysis has been found to be one of the most important transformation pathways for triclosan in natural waters and water treatment. Triclosan can absorb sunlight or UV light and easily undergo direct photo-transformation (Sanchez-Prado et al. ; Dhillon et al. ). The direct photodegradation pathways of triclosan has been studied extensively and the main degradation products were monochlorophenol, 2,4-dichlorophenol, 2,4,6-trichlorophenol dichlorohydroxydiphenyl ether and polychlorodibenzo-pdioxins (Aranami & Readman ; Chen et al. a) . With a similar chemical structure to some emerging contaminants such as polybrominated diphenyl ethers (PBDEs), polychlorinated biphenyls (PCBs) and diethylstilbestrol, triclosan and its degradation products are likely to absorb to the sediment and even accumulate in wildlife and human bodies due to their hydrophobic character (Palenske et al. ; Dann & Hontela ; Higgins et al. ) . Among these products, polychlorodibenzo-p-dioxins with a formation yield of nearly 4% are mainly concerned because of their high acute and genetic toxicity (Kliegman et al. ) . Chlorophenols has been proven to show lower acute toxicity and chronic toxicity to fish, daphnid and green algae than triclosan (Gao et al. ) . In our previous study, increased acute toxicity and genetic toxicity of triclosan solutions were observed after 24 h of simulated sunlight irradiation (Chen et al. b) .
Therefore, the results of this study showed that the inhibition effect of coexistence of three inorganic anions might reduce the photo-induced ecological risk of triclosan in natural waters. In addition to the effects on the fate and ecological risk of triclosan in natural waters, the results in this study also suggest that the coexistence of nitrate, bicarbonate and chloride ions could help reduce the risk of triclosan during the UV disinfection process of water and wastewater treatment. Furthermore, it is suggested that direct photolysis might not be an appropriate way to treat triclosan in wastewater, especially when nitrate, bicarbonate and chloride ions are present.
CONCLUSIONS

NO 3
À , HCO 3 À , and Cl À are ubiquitously present in natural waters and wastewaters. The present study showed that NO 3 À could inhibit the photodegradation of triclosan, while HCO 3 À would promote the photolysis of triclosan significantly. When HCO 3 À and Cl À coexisted, Cl À hindered the promotion effect of HCO 3 À . The coexistence of three inorganic anions inhibited the photolysis of triclosan. The influence of these inorganic anions should be considered when elucidating the fate and ecological risk of triclosan in natural waters and engineering water and wastewater treatment. The findings of this study will help us to better understand the photolysis process and ecological risk of triclosan in natural waters as well as to develop appropriate treatment processes for effective triclosan removal.
